The gas phase spectrum of the cyclic C 18 molecule recorded in the laboratory at a temperature typical of diffuse interstellar clouds is compared with absorption features toward Oph and HD 204827 in the 5730-5934 8 region. For the origin band at 5928.5 8 an upper limit to the column density of 1:8 ; 10 11 cm À2 is inferred. The origin band pattern in the laboratory spectrum changes on lowering the internal temperature in the 100-20 K range and bears a striking resemblance to the observed structure of a number of DIBs at other wavelengths. This suggests that platelike molecules or ions, comprising a couple of dozen to hundred carbon atoms, could be responsible for some of the latter absorptions.
INTRODUCTION
It has long been recognized that gas-phase electronic absorption spectra of carbon-dominated molecular systems are of interest in the identification of the diffuse interstellar absorption bands (DIBs; Herbig 1995) . Of particular interest have been carbon chains, the hydrogenated rings (PAHs), and fullerenes. It has been conjectured that carbon chains C n of the size n ¼ 5 15 may be responsible for some DIBs (Douglas 1977) . However, only in the last few years has it proved possible to obtain the gas phase electronic spectra of C 4 and C 5 in the laboratory, the comet band system of C 3 having long been known. No other such gaseous spectra of polyatomic bare carbon species are available except of the fullerenes, C 60 and C 70 (Haufler et al. 1991) . In neon matrices the knowledge of the electronic transitions of bare carbon species is more extensive, and the location of the transitions of linear carbon chains, C 2nþ1 (n ¼ 2 12), C 2n (n ¼ 2 4), and a few cyclic systems, C 10 , C 12 , and C 14 , have been identified (Maier 1998) .
The electronic spectra of C 4 and C 5 have transitions in the visible region, thereby allowing a comparison with known DIBs (Maier et al. 2002) . Although no matches were found, upper limits to the column density of these molecules in diffuse interstellar clouds could be inferred (see also Adamkovics et al. 2006) . In this connection, C 3 could be detected via its comet tail origin band at 4050 8 (Maier et al. 2001) . The general conclusion of these studies was that the smaller carbon chains-of up to a dozen atoms-and the related species containing hydrogen or nitrogen atoms cannot be responsible for the stronger DIBs (Maier et al. 2004) . Further arguments were presented to explain why larger systems remain viable candidates and indicating the species that should be the subject of laboratory studies. Among these are the longer bare chains with an odd number of carbon atoms, C 17 , C 19 , : : : , C 31 , because they have electronic transitions in the 4000-8000 8 range with very large oscillator strengths. Thus, their laboratory gas phase spectra are required. This led to the observation of the gas phase spectra of the first larger bare carbon species, C 18 and C 22 , but in their cyclic forms (Boguslavskiy et al. 2005) .
The cyclic C 18 molecule, which shows absorptions in the visible, was obtained by laser vaporization of carbon, collisionally cooling the synthesized molecules to temperatures typical of the diffuse clouds (e.g., 50 K) in a supersonic expansion. The electronic spectra were detected by a resonant two laser photon ionization technique. In this, the first photon induces the transition, whereas the second, higher energy photon ionizes the species, and the C þ 18 cation is detected by mass spectroscopy. A spectroscopic analysis and theoretical calculations indicate a cycliclike structure (Boguslavskiy et al. 2005) . From the astrophysical point of view, the significance is that one can compare the laboratory and DIB spectral signatures directly for the first time for a bare carbon species of such a size, at temperatures pertinent to the interstellar medium. The origin band near 5930 8 has a triplecomponent pattern reminiscent of structure seen in some DIBs.
OBSERVATIONS AND DATA REDUCTION
High signal-to-noise (S/N) spectra of the reddened stars Oph (HD 149757) and HD 204827 were obtained on 2005 May 19 UT with the Canada-France-Hawaii 3.6 m telescope (CFHT) and the high-resolution bench-mounted ESPaDOnS echelle spectrograph, fiber-fed from the telescope's Cassegrain focus. The fiber is continually agitated at a high frequency close to the entrance of the spectrograph to mitigate modal noise. ESPaDOnS was used in the ''object only'' spectroscopic mode, and thus its 40 echelle orders and the EEV1 CCD (with 13.5 m 2 pixels) provided nearly complete wavelength coverage from 3700 to 10050 8 at a resolution $80,000. To avoid saturation of the detector in any order, 25 ; 90 s exposures of Oph and 4 ; 20 minute exposures of HD 204827 were acquired in succession and combined after processing. Nine 30 s exposures of the rapidly rotating B9 V star Leo (HD 87901) were obtained to allow identification and removal of telluric lines. The usual Th/Ar comparison arc spectra, flat-field spectra of the spectrograph's twin tungsten lamps, and bias exposures were acquired at the start and end of the night.
The trimming, bias subtraction, flat-fielding, optimal extraction, and wavelength calibration of the individual spectra was carried out with the data reduction package provided for ESPaDOnS users, Libre-ESpRIT.
2 Spectra were averaged, telluric lines removed, and continuum levels rectified by using appropriate IRAF 3 packages. The final interstellar components of the spectra discussed here were placed on a laboratory scale by applying velocity corrections of À14.53 and À4.0 km s À1 for Oph and HD 204827, respectively. Portions of the final spectrum for each star are shown in Figure 1 along with the laboratory gas-phase spectrum of cyclic C 18 (Boguslavskiy et al. 2005 ). There are a number of known DIBs (Galazutdinov et al. 2000) within the region, as shown by the tick marks in Figure 1 .
For the origin band at 5929 8, the 3 detection limits for interstellar C 18 are derived from the relation
where the 3 limiting equivalent width, W max , and the FWHM of the laboratory feature, w, are both measured in 8, the spectrograph dispersion, d , is in 8 pixel À1 , and S/N is the signalto-noise ratio per pixel. Here w ¼ 1:6 was adopted for the core of the laboratory C 18 band at 5929 8 and w ¼ 16 at 5749 8. 
DISCUSSION
The aim was to compare the first gas phase laboratory spectrum of a bare carbon ring, C 18 , with DIB observations. Apart from such investigations for the linear C 3 , C 4 , and C 5 chains, this has also been carried out for the fullerene C 60 , but no match is apparent (Herbig 2000) .
There are two interesting aspects of this laboratory and astronomical comparison for cyclic C 18 : determination of an upper limit to the column density and the similarity of the band structure measured in the laboratory to observation of the DIB profiles at higher resolution and seen through single clouds.
In the determination of the upper limit to the column density, the main uncertainty is in the oscillator strength of the electronic transition. This can be estimated as f $10 À2 from experimental observations concerning the lifetime of the excited state. Taking an equivalent width, W max for the detection as 0.4 m8 (x 2), the column density in the diffuse cloud is estimated from Maier et al. 2002) . In a recent article discussing the possible role of carbon chains as carriers of DIBs, and excluding the smaller ones say up to 10 atoms, arguments were presented about which systems should be the focus of laboratory studies (Maier et al. 2004 ). The two primary criteria were that the species must have electronic transitions in the DIB region, but in addition, the oscillator strength should be in the range 1-10 to stand any chance of corresponding to some of the stronger DIBs. The odd-numbered linear chains in size C 15 to C 31 satisfy these requirements.
The present study shows that the C 18 molecule does have electronic transitions in the DIB range and may even be large enough to be at least partly stable to photodissociation in the interstellar radiation field, but the oscillator strength is too low, even though estimates favor larger species (Le Page et al. 2003) . The electronic spectrum of the cyclic C 18 molecule was observed by chance during attempts to measure the spectra of the C 15 to C 31 chains. Because these could so far not be detected in the laboratory measurements using nanosecond lasers, an additional criterion for the sort of molecules that could be responsible for DIBs has materialized, the lifetime of the excited electronic state. The processes that limit this are intramolecular in nature. Thus, if the excited state has a lifetime of picoseconds, this would correspond to a lifetime broadened line width of around 5 8, implying that these transitions would not be related to the narrower DIBs with FWHM of 1 8. It remains to be established whether the lifetimes of the excited states of C 15 to C 31 chains are indeed 1 ps or less.
Another interesting aspect of the study of the bare carbon C 18 ring is the relation to PAH studies. These, or rather their ions, have often been considered as possible DIB carriers (Tielens & Snow 1995) . The most recent efforts in this area, the gas phase studies of the electronic transitions of some PAH cations, such as those of naphthalene (Romanini et al. 1999 ) and anthracene (Sukhorukov et al. 2004) , have led to negative results. However, studies of C 24 H þ 12 among other PAH þ in an ion trap have shown that on UV irradiation, complete dehydrogenation takes place (Ekern et al. 1998) , suggesting that some bare neutral and ionic carbon rings of this size may be prevalent in the diffuse medium. Hence the relevance of the current study on cyclic C 18 . Cyclic C 18 is essentially a dehydrogenated PAH, also with singlet ground state, but is perhaps photochemically more robust because the hydrogens have already been removed and the 4n þ 2 ring shows enhanced stability. The ionization potential of cyclic C 18 can be bracketed in the 8-10 eV range according to the experiments (Boguslavskiy et al. 2005 ). Thus, depending on the degree of ionization in diffuse clouds, cyclic C þ 18 could also be of interest, although it would be less stable than its neutral counterpart. However, no laboratory spectral information on such cations is available.
The structure of the C 18 origin band (Fig. 2) is rather similar to some of the DIBs (but at other wavelengths) such as those at 6614, 6379, and 5797 8 recorded at high resolution (e.g., Sarre et al. 1995; Walker et al. 2000 Walker et al. , 2001 . It is tempting to speculate that the carriers responsible have structural and size characteristics similar to C 18 . In order to draw inferences on this, the peaks and profiles seen around the origin band of the spectrum recorded in the laboratory (Fig. 2) has to be explained. The interpretation is based on the relative intensity changes on cooling the C 18 molecule (Fig. 2) in the laboratory experiment (Boguslavskiy et al. 2005) . The temperature of the laboratory spectrum shown in Fig. 2 changes from around 100 K (trace a) to 20 K (trace c), typical of a nonpolar molecule in the diffuse clouds. The analysis of the rotational structure in the electronic spectrum of C 3 yielded $70 K (Maier et al. 2001 ) and the studies of the infrared transitions of H þ 3 values in the 30-50 K range (McCall et al. 2002) . For polar molecules the temperatures are likely to be lower. Peak 1 is probably a sequence transition originating from the lowest frequency vibration ($56 cm À1 ) in the ground electronic state. Peaks 2 and 3 also change in intensity, and thus there is an overlap of the 0-0 transition with another sequence band. Thus, it is seen that at $40 K the transitions originating from low (<100 cm À1 ) frequency vibrational modes of molecules will contribute to the pattern around the origin band, in addition to the rotational profile, which itself may show splitting according to simulations (Cossart-Magos & Leach 1990) .
Simulation of the rotational profile for the observed electronic band of a cyclic C 18 molecule, with the ground state geometry shown in Figure 2 , leads to slightly asymmetric profile with FWHM $1-2 cm À1 for temperatures of 20-80 K, i.e., comparable to the observed widths of the individual peaks in the laboratory spectrum. In fact, a similar simulation has been carried out (Kerr et al. 1996) to reproduce the fine structure observed in the high-resolution profile of the 5797 and 6614 8 DIBs (Sarre et al. 1995) . Curiously, this fitted reasonably to a ring of 18 atoms; the general conclusion being that the DIB structures can be compatible with electronic transitions of ring molecules with 14-30 carbons. Indeed, the laboratory-measured pattern for the C 18 molecule (Fig. 2) at 5930 8 resembles the 6614 8 DIB (Fig. 1 of Sarre et al. 1995) or other DIB profiles with splittings ). However, the simulations described by Kerr et al. (1996) were for a perpendicular transition, and the three peaks observed were just the rotational profile. Changing the temperature does not lead to the intensity changes as observed in the experiment on C 18 (Fig. 2) . In the case of a parallel transition, which is the assignment of the 5929 8 laboratory band, two of the peaks have to be vibrational sequences, whose intensity ratios vary with temperature.
Thus, the implication would be that the observed profiles of DIBs with structures similar to that seen in Figure 2 could be of platelike nonpolar molecules, with sizes C 20 to C 100 rings. The subsidiary peaks surrounding the origin band under which the rotational lines are hidden would be contributed by transitions between the lowest frequency modes that are still sufficiently populated at, say, 40 K. 
